Zębek E.: Succession of periphyton and phytoplankton assemblages in years with varying amounts of precipitation in a shallow urban lake (Lake Jeziorak Mały, Poland). Ekológia (Bratislava), Vol. 33, No. 3, p. 259-273, 2014. This study of periphyton assemblages (periphyton in separator pipes, epilithon and epiphyton) and phytoplankton was carried out in Lake Jeziorak Mały in 1997-2003 and 2005. Since precipitation amounts varied in these years, changes in the abundance, biomass, taxonomic group structure, species diversity and dominant taxa of these assemblages were analyzed in relation to the physical and chemical water parameters. The periphyton in pipes had their highest abundance and biomass at the mean precipitation in the vegetative season and at maximum precipitations in winter 2000, and also in the 1997 vegetative season when there were high levels of electrolytic conductivity and orthophosphate and chloride concentrations. The assemblage was dominated by the diatoms Diatoma vulgaris which was resistant to washing and Navicula gregaria resistant to high amounts of organic matter. Similarly, maximum abundance and biomass of epilithon was found at the maximum precipitation level. However, in 2003 there was a low precipitation level which favoured habitation by epilithic filamentous chlorophytes, especially Ulothrix tenuissima. Meanwhile, epiphyton and phytoplankton thrived best in the high precipitation conditions and moderate chloride concentration in 2001. These assemblages were dominated by species typical for eutrophic waters, such as Gomphonema olivaceum and Planktolyngbya brevicellularis. Differences in the dynamics of periphyton assemblages and phytoplankton in the studied years indicate varying succession rates in these assemblages, especially in the separator pipes and on stones. These phenomena are considered to be related to the different environmental conditions engendered by variable amounts of precipitation.
Introduction
Ecological succession is an orderly community with a controlled process of ecosystem development, passing from initial colonisation of open, unoccupied habitats by pioneer communities, through a sequence of transitional stages, each dominated by later invaders, and culminating in a stabilized climatic ecosystem in which the maximum biomass achieves an equilibrium with Vol. 33, No. 3, p. 259-273, 2014 doi:10.2478 /eko-2014 available energy flow (Odum, 1969) . Succession is an orderly process of directional changes in the species structure of the biocenosis, which may proceed for several hundred, or even several thousand years, or which may be a regular and repetitive sequence of changes in the biocenosis, resulting from cyclical environmental changes (e.g. annual plankton succession). Ecological succession may be divided into allogenic, driven by external environmental forces (e.g. climate changes), and autogenic, driven by the organisms themselves, where the process of replacing previous occupants by new ones is dependent upon the activity of other organisms altering the habitat (e.g. nutrient depletion) (Reynolds, 1980; Lampert, Sommer, 1996) .
The development of periphyton and phytoplankton is often described on the basis of annual succession patterns (Sommer et al., 1986; Reynolds, 1993; Nõges, Laugaste, 1998; Irigoien et al., 2000; Nõges et al., 2003; Luttenton, Baisden, 2006) . It is determined by numerous factors, such as seasonal changes in water temperature or solar radiation, or mixing and re-suspension of nutrients, including phosphorus, from the sediments (Sommer et al., 1986; Reynolds, 1988; Romo, Miracle, 1994; Wantzen et al., 2008) . The annual succession patterns of algae may also be affected by biological interactions between organisms, such as competition for food, intensity of feeding and also grazing (Reynolds, 1980; Hansson, 1990; France, 1995; Azim et al., 2005) .
In urban lakes, the succession of periphyton and phytoplankton assemblages may be conditioned by changes in environmental conditions, which can cause inflow of storm waters depending on the amount of precipitation. The changes in water quality in lakes can be rapid and extreme because of the nature of the inflow. This inflow can vary in terms of quantity, chemistry and seasonality, and these can depend on the location where unpredictable occurrences such as building construction or road salting in the surrounding catchments can often occur (Guzkowska, Gasse, 1990) . Lake Jeziorak Mały is an example of a eutrophic lake with storm water inflows, and it therefore required protective-restoration measures to protect its waters. This especially involved the installation of lamella separators for storm water pretreatment. The aim of this paper is to determine the influence of varying levels of precipitation on the succession of periphyton and phytoplankton assemblages during 1997-2003 and 2005 in Lake Jeziorak Mały. The tested hypothesis is that storm waters affect the succession of periphyton and phytoplankton in Lake Jeziorak Mały differently in different years due to variable annual precipitation. Answers to the following questions were sought to verify this hypothesis: 1. Did storm water inflow significantly change the environmental conditions of periphyton and phytoplankton development in the years with varying precipitations? 2. Do quantitative and qualitative differences exist between periphyton and phytoplankton assemblages regarding physical and chemical water parameters in 1997-2003 and 2005 relative to the mean precipitation?
Research area, material and methods
Jeziorak Mały is a shallow (mean depth 3.4 m) urban lake covering 26 ha in Mazurian Lakeland in north-eastern Poland. The lake can be recognised as a model lake. It is a eutrophic lake located in the moderate zone with a typical basin shape, shallow and isolated from other waterbodies. The lake is connected with Lake Jeziorak Duży by a narrow canal with a width of 4 m and depth of 4 m. Due to the high disproportion between the surface areas of the lakes (26 ha and 3219 ha, respectively), the connection constitutes a concrete barrier used for water levelling. It is not a factor determining mixing of waters of both lakes.
For many decades, this lake received untreated municipal sewage from the town of Iława. Since 1991, however, effluent has been treated at a local wastewater treatment plant. Work to improve the lake's water quality began in 1997 and has been ongoing since that time, including the installation of separators for the pre-treatment of storm water influent, and a fountain-based water aeration system. The lake shores were partly covered with concrete or reinforced with fascine, and most of the bottom was composed of stones and gravel. Lake Jeziorak Mały is therefore an example of a lake with reversed coastal zone management system (approx. 30% macrophytes, 70% concrete bank). Phytolittoral includes emerged macrophytes, mainly Phragmites communis, Scirpus lacustris (L.) Pa l l a , Acorus calamus L., and Glyceria aquatica (L.) Wa h lb., while the bottom was muddy and covered with decomposing plant debris.
Samples of periphyton were collected monthly from April to October in the years 1997-2003 and 2005 , on the three substrates located in the littoral zone and phytoplankton in the pelagic zone of Lake Jeziorak Mały: 1.
periphyton from the pipes of separators which drain storm waters (S); 2.
epilithon from the surfaces of stones accumulated in 1997 (K); 3.
epiphyton from the floating leaves of vascular plants Acorus calamus L. ( R); 4.
net phytoplankton from the 1m euphotic zone in the pelagial (mean water transparency in the period 1997-2003 and 2005 amounted to 0.80 m) (P). The periphyton was scraped from the pipes, from 1 cm 2 stones and from the macrophyte leaves which had been cut into 5-cm lengths. The pipes and stones were often found to be overgrown with Cladophora glomerata (L.) Kűt z i ng filamentous green algae, which forming a natural substratum for periphytic diatoms. The periphyton was shaken carefully in distilled water to separate algae and diatoms from chlorophyte thalli, and remains were scraped off macrophytes leaves with a knife. The samples were rinsed and preserved using an ethanol and a formaldehyde solution. The phytoplankton samples were collected with a Toń 5-L plankton sampler in the surface layer of the pelagic zone. The samples were poured through a 25-µm mesh plankton net, and then preserved with Lugol's solution and a 4% formaldehyde solution. A total of 124 samples were collected. The following physical and chemical water parameters were determined:
) (using an HI 9143 oxygen meter), pH, electrolytic conductivity (µS cm ) concentrations (using a NOVA 400 spectrophotometer). In the study plant periphyton and net phytoplankton were analyzed. The terms periphyton and phytoplankton concern all prokaryotic (cyanobacteria) and eukaryotic organisms among which diatoms, chlorophytes, dinoflagellates, chrysophytes and cryptophytes were analyzed. Qualitative and quantitative determinations of phytoplankton and periphyton were performed with an Alphaphot YS2 optical microscope at magnifications of 10×, 20×, 40× and 100×. Diatom preparations followed standard procedures described by Battarbee (1979) . Algae biomass was calculated for biovolume by comparing the algae with their geometrical shapes (Rott, 1981) . Mean biomass was calculated for 10 individuals of each planktonic and periphytic algae species. For the purpose of levelling differences in densities of organisms in periphyton and phytoplankton, their numbers in each sample were determined in a planktonic chamber with a capacity of 1 mL in 5000 fields of vision with 20× magnification. The abundance and biomass of periphyton and phytoplankton was expressed in an identical and basic volume unit of 1 mL. It was evidenced that in such a number of fields of vision, frequencies of occurrence of organisms in the assemblages were approximate. In all samples the coefficients of difference significance between the occurrence frequency of taxa of the assemblages and the coefficient common for the assemblages were high and statistically insignificant. Moreover, approximate values of coefficients of taxa occurrence frequency were recorded for all of the assemblages (Zębek, 2013) .
Changes in the abundance and biomass of periphyton and phytoplankton assemblages were analyzed in 1997-2003 and 2005 . Since the amounts of precipitation varied in these years, the monthly rainfall means in the Warmia and Mazury region during this period were obtained from statistical data held at the Olsztyn station (Grzesiak, Domańska, 1998 . The periphyton and phytoplankton species' diversity was analyzed to calculate the Shannon-Weaver index, which provides information on the species abundance and the distribution of particular periphyton and phytoplankton species (Shannon, Weaver, 1949) .
Results and discussion

General description of periphyton and phytoplankton assemblages and environmental conditions
In eutrophic lakes, periphyte communities include a large proportion of diatoms, followed by filamentous chlorophytes and cyanobacteria, while the phytoplankton is often dominated by cyanobacteria. The dominance of diatoms in periphyton was recorded by a number of authors on a natural substratum (Kuczyńska-Kippen et al., 2004; Vogel et al., 2005 in epiphyton) . In addition, diatom also dominated on the following artificial substrata (Bohr, Miotk, 1979; Hansson, 1990; Szlauer, 1996 recorded this on glass plates; Danilov, Ekuland, 2001 found them on substrata with PVC) reported this in eutrophic lakes. In lake Jeziorak Mały in 1997-2003 and 2005 , periphyton (S -periphyton in separator pipes, K -epilithon and Repiphyton) was dominated by diatoms in terms of both abundance and biomass, with a maximum of 90.47% for epilithon and 61.06% for periphyton in the separator pipes, accompanied by chlorophytes with a maximum of 42.50% for epilithon (Zębek, 2014) . Both before and after introduction of restoration work, phytoplankton was dominated by cyanobacteria, which reached 92.83% of the total abundance in 1996 (Zębek, 2009 (Zębek, ) and 72.41% in 1997 (Zębek, -2003 (Zębek, and 2005 , accompanied by diatoms at 31.99% and dinoflagellates at 14.59% (Zębek, 2014) . The highest mean abundance was found for periphyton in the pipes (70,535 ind. mL ). However, the highest mean biomass was recorded for epilithon at 0.226 mg mL -1 and the lowest for phytoplankton at 0.065 mg mL -1 (Zębek, 2013) . Eutrophised lakes such as Lake Jeziorak Mały often recorded a predominance of cyanobacteria (Meffert, 1989; Nixdorf, 1994; Nixdorf et al., 2003; Kangro et al., 2005) . This suggests that the structure of phytoplankton and periphyton in Lake Jeziorak Mały following the introduction of protective-restoration work was typical of eutrophic lakes. (Guzkowska, Gasse, 1990) . In this study, the following values were recorded at separators: (1) the lowest mean water temperature ranged from 13.5 to 18.8 °C; (2) the highest water electrolytic conductivity maximum was 843 mS cm -1 and (3) the highest concentrations of Si, Ca and chlorides with maximums of 3.29 mg Si L -1 , 182 mg Ca L -1 and 97 mg Cl L -1 (Table 1) . This illustrates the great influence of polluted storm-water inflow from the catchment area on the lake's water chemistry (Zębek, 2014 (Table 1) . These pelagial conditions suited the development of cyanobacteria, and this fact is supported by the positive correlation between their abundance and these existing water parameters (Zębek, 2014) .
Dynamics of periphyton and phytoplankton assemblages in 1997-2003 and 2005
Differences in the mean abundance and biomass of periphyton assemblages (S -periphyton in separator pipes, K -epilithon and R -epiphyton ) and phytoplankton (P) in Lake Jeziorak Mały were observed in 1997-2003 and 2005 . Different dynamics were observed for periphyton in the separator pipes compared to other assemblages. The average highest abundance of these periphytic algae was 135,177 ind. mL -1 recorded in 2000 at high electrolytic conductivity, the lowest water temperature and a maximum orthophosphate level of 0.68 mg PO 4 L -1 . Meanwhile, the highest biomass was recorded at 0.65 mg mL -1 in 1997 immediately after activation of separators in the littoral zone. Differences in the abundance of periphyton in the pipes were related to orthophos- Fig. 1 . Succession of periphyton assemblages (S -periphyton in separator pipes, K -epilithon, R -epiphyton) and phytoplankton (P) (Zębek, 2012a) and changes in physical and chemical water parameters in 1997-2003 and 2005 in Lake Jeziorak Mały. phate changes in the studied years ( Fig. 1) , and the suggestion that periphytic assemblage development was stimulated by this nutrient was completely supported by the statistically significant correlation between orthophosphate levels and the occurrence of species typical of periphyton in the pipes (Zębek, 2013) . The epilithon abundance and biomass achieved their high levels in 1997, 1999 and 2001. The highest abundance and biomass of these algae were found in 1997 at 134,644 ind. mL -1 and 0.52 mg mL -1
, respectively, when stones had accumulated in the littoral zone. The considerably lower orthophosphate levels in 1997 and 2001 were accompanied by high abundance and biomass of the epilithon. This may indicate the uptake of this nutrient by the periphytic algae, especially by the filamentous chlorophytes and diatoms (Zębek, 2013) . Similar dynamics were observed in the studied years between epiphyton and phytoplankton. These algae achieved their highest abundances in 1998 and 2001, with epiphyton registering 102,166 ind. mL -1 and phytoplankton 53,481 ind. mL -1 in 2001, at the highest water temperature and lowest orthophosphate levels. Meanwhile, the highest biomass of epiphyton was 0.20 mg mL -1 recorded in 2000, and for phytoplankton it was 0.29 mg mL -1 registered in the pelagial in 2002 (Fig. 1 ). Long-term changes in the abundance and biomass of planktonic and periphytic algae in lakes can be related to alteration in hydrological conditions, such as changes in water level (Romo, Miracle, 1994; Nõges et al., 2003 Nõges et al., , 2010 . In Lake Jeziorak Mały in 1997-2003 and 2005 , a relationship existed between mean monthly precipitation and the abundance and biomass of periphyton assemblages and also phytoplankton, which was dominated by cyanobacteria. The mean sum of monthly precipitation for the Warmia and Mazury region was 49 mm. Due to these factors, the following four situations were observed, as highlighted in Figures 1-3: (1) Very low monthly precipitation amounts were recorded in both the vegetative and winter seasons of 2003 at 14 and 10 mm, respectively. These were accompanied by very little storm water inflow, a moderate chloride concentration of 54 mg Cl L -1 and very low electrolytic conductivity. There then occurred a small increase in the abundance and biomass of periphyton assemblages and phytoplankton accompanied by increased orthophosphate level. This suggests that the phosphorus may originate from the lake- bed sediments. These conditions favoured the development of planktonic cyanobacteria which attained the high proportion of 64.28% of the total biomass. There were also the high proportions of 85.93% diatoms found in the periphyton in pipes and 75.51% chlorophytes in epilithon. This increase in chlorophyte proportion was associated with a decrease in the amount of precipitation.
(2) In 2000, the average monthly precipitation in the vegetative season registered 49 mm with a winter maximum of 53 mm. Concurrently, the mean storm water inflow, the maximum chloride concentration of 97 mg Cl L -1 and high electrolytic conductivity were recorded at the separators and in the pelagial. Following this, the maximum abundance of periphyton was observed in the pipes at the highest orthophosphate level, together with very low abundance and biomass of phytoplankton. This suggests that the high orthophosphate level may have favoured the development of periphyton in pipes. However, the high 47 mg Cl L -1 chloride concentration in the pelagial, with a mean of 23 mg Cl L -1 in the study period, could have limited phytoplankton development, and especially that of cyanobacteria (Zębek, 2014) . In these conditions, the phytoplankton was dominated by diatoms at 58.26% of the total biomass. However, a predominance of 55.93% chlorophytes was recorded in the epiphyton. (3) In 2001, there was a high monthly precipitation of 69 mm in the vegetative season with a mean of 36 mm in winter. This was accompanied by large inflows of storm water, a moderate 39 mg Cl L -1 chloride concentration, low electrolytic conductivity and a minimum level of orthophosphates at all sites. This was followed by decreased abundance of periphyton in the separator pipes and the maximum abundance of epiphyton and phytoplankton. This suggests that minimal nutrient concentrations at the separators adversely affected the assemblage development, and especially that of diatoms. A considerable proportion of chlorophytes, at 46.59% of the total biomass, was recorded in the periphyton in pipes, and the low chloride concentration did not limit cyanobacteria development. These latter accounted for 39.43% of the total phytoplankton biomass in the pelagial. (4) In 1997, the maximum precipitation of 73 mm was recorded in the vegetative season with a mean value of 37 mm in the winter. This was accompanied by the largest inflow of storm waters, a high chloride concentration of 66 mg Cl L -1 and high electrolytic conductivity and orthophosphate levels at the separators and at sites with stones. The maximum biomass of periphyton in the separator pipes and epilithon, together with minimum abundance and biomass of epiphyton and phytoplankton were then observed. This suggests that the high nutrient concentration at the separators favoured development of periphyton in pipes, and that the high chloride concentration limited cyanobacteria growth in the pelagial. Compared to other years, a significant proportion of cyanobacteria of allochtonic character was found in the periphyton in pipes, and this amounted to 15.12% of the total biomass. Meanwhile, the proportion in the pelagial registered 37.45% of the total phytoplankton biomass. Similar situations to those in Lake Jeziorak Mały have been recorded by some authors. Irigoien at al. (2000) reported similar findings to those in situation (4) above, recording significant lower phytoplankton biomass in years with high water level. This was related to supplies of nutrients in a shallow eutrophic lake, as was the decrease in the phytoplankton biomass with high N and P concentrations (Nõges et al., 2003) . An increase in phosphorus with a simultaneous decrease in phytoplankton biomass does not necessarily indicate that phosphorus plays an important role in the long-term control of phytoplankton growth. Rather, the maximum phosphorus concentration at increased water level suggests intensive resuspension from the lake sediments which enriches nutrients in the lake water, as discussed in situation (3) above. At low water level, when light becomes a limiting factor, phosphorus may be taken up by phytoplankton until nitrogen limitation begins (Nõges, Laugaste, 1998) . According to Luttenton and Baisden (2006) , intensive water mixing, substratum movement and increased water levels are common factors causing disruption to periphyton growth. The loss of periphyton biomass was observed to occur more rarely due to intensive mixing than to high water level, as expounded in situation (3), and also more rarely than substratum movements and gastropod grazing (Zębek et al., 2012) .
Species diversity and dominants of periphyton and phytoplankton assemblages
Diversity at the trophic level is manipulated by taxonomic and functioning diversity, and it can be emphasized by ecosystem processes including productivity and nutrient inflow. Here, large and rapid changes in ecosystem processes can also be due to anthropogenic causes such as animal grazing (Thebault, Loreau, 2006) . Because diversity is stimulated by both allogenic inflow of nutrients and saline waters and by autogenic inflow, changes between these inflow types can influence the replacement of one species by another (Reynolds, 1993) . Intensive mixing and fluctuations of water levels are also important factors affecting ecological processes in lakes, and also the species habitats and diversity (Wantzen et al., 2008) . The fact that only few species' populations are able to establish themselves following very intense disturbances leads to minimum diversity. While a similar phenomenon can occur in normal circumstances, the highest diversity often succeeds intermediate disturbance frequency and/ or intensity (Sommer et al., 1993) . A decrease in the number of taxa at the different disturbance frequencies or levels may be related to washing these taxa (Luttenton, Baisden, 2006) . However, here in Lake Jeziorak Mały, differences in the species diversity of periphyton and phytoplankton assemblages in 1997-2003 and 2005 were observed to alter in conjunction with differing amounts of precipitation. For example, the highest Shannon-Weaver species diversity for periphyton in the separator pipes was recorded in 2001 at 4.1048 bit ind.
-1 and the largest taxa number of 82 (Fig. 4) , when there was a high amount of precipitation, moderate chloride concentration and low electrolytic conductivity (Figs 1, 2) . These conditions favoured the development of large periphyton taxa numbers in pipes resistant to washing. This was supported by the low proportion of dominant Rhoicosphenia abbreviata which registered only 13.04% of the total abundance (Fig. 5) . The assemblage was often also dominated by Navicula gregaria which is resistant to high amounts of organic matter (Zębek et al., 2012) . However, in the very high rates of precipitation and storm water inflows in 1997, there was a record twofold lower number of 45 taxa, and this may have been due to washing of peri- Fig. 4 . Species diversity and taxa number of periphyton assemblages (S -periphyton in separator pipes, K -epilithon, R -epiphyton) and phytoplankton (P) in Lake Jeziorak Mały in 1997-2003 and 2005. phyton in the separator pipes. The highest species diversity index for epilthon was recorded at 4.2747 bit ind.
-1 and 66 taxa in 2003 (Fig. 4) , when there was the least precipitation and also increased orthophosphate levels in the lake water (Figs 1, 2) . At this time, the epilithon was dominated by Nitzschia frustulum with 11.19% of the total abundance (Fig.  5) . However, the highest diversity for epiphyton and phytoplankton, at levels of 4.5256 and 3.4757 bit ind.
-1 with 79 and 75 taxa, was registered in 2000 at a moderate precipitation level (Fig. 4) and accompanying high electrolytic conductivity (Figs 1, 2) . Assemblage abundance was dominated at that time by N. frustulum (11.06%) and Planktolyngbya brevicellularis (37.85%, Fig. 5 ). This suggests that increased species diversity in the studied periphyton and phytoplankton assemblages was closely related to the amount of precipitation.
The specific seasonal succession of phytoplankton taxonomic composition was examined. Results showed that the lake's trophic level in the vegetative season is characterized by dominant algal taxa groups. This suggests that trends and intensities in ecological stress cause a sequence of harmonious trophic changes which effect continuous quantitative and qualitative changes in the floristic composition of phytoplankton. These effects continue until the lake's trophic type is altered. Although ecological succession can successfully occur within a determined trophic type area, it can also influence and support changes from one trophic type to another (Burchardt, 1993) . Changes within the planktonic and periphytic algae species' composition are affected by light, nutrient supplies, changes in environmental conditions, grazing, pH and by allochtonic inflows and autogenic processes. In addition, phytoplankton is often dominated by cyanobacteria in open-wind activated systems. Jeziorak Mały is a polimictic lake (Jankowski, 1966) , and according to Giziński (1978) , it has a very high mixing index of 0.9 (Zębek, 2002) . A clear predominance of cyanobacteria in the phytoplankton was recorded there (Fig. 3) . Reynolds (1993) suggested that small diatoms and filamentous chlorophytes mainly occurred at high nutrient concentrations in eutrophic lakes where there was continuous water mixing. This phenomenon was also recorded in this study, where there was a predominance of small diatom forms especially in the periphyton in the separator pipes, and filamentous chlorophytes in the epilithon at high orthophosphate levels (Figs 1, 3, 5) .
There was a number of species sharing dominance in periphyton abundance in the separator pipes in Lake Jeziorak Mały during this study period. These comprised the four diatom species of Diatoma vulgaris B or y, Navicula gregaria Donkin, Rhoicosphenia abbreviata (Fig.  5 ). According to some authors, the dominance of filamentous cyanobacteria changed with changing water levels. For example, Planktolyngbya limnetica registered its maximum abundance at low water level and Limnothrix redekei recorded its in high water levels (Irigoien et al., 2000 , Nõges et al., 2003 . Again, similar phenomena were observed in this research, where: (1) Planktolyngbya brevicellularis had the highest proportion of total phytoplankton abundance at 84.97% in the low precipitation of 2003 and (2) Limnothrix redekei dominated the total phytoplankton biomass at 14.53% in the high water levels of 1999 (Figs 2, 5) . The greater species variability within periphyton assemblages is clearly considered to be related to changes in the environmental conditions caused by storm water flowing into the littoral zone.
Dynamics of periphyton and phytoplankton assemblages in the vegetative season
Seasonal changes in algae in natural water bodies are often interpreted as interactions between seasonal development and internal disturbances. The environmental conditions including water temperature, nutrient availability and disturbances such as those due to intensive storm-water inflows can regulate the rate of seasonal algae development (Reynolds, 1988) . Grazing is also an important factor in periphyton growth, and this was observed in Lake Jeziorak Mały in 2001 and 2002, when a maximum summer biomass of gastropods accompanied a minimum epilithon biomass (Zębek et al., 2012) . The maximum biomass of periphyton recorded in Lake Jeziorak Mały in spring and autumn, and the phytoplankton dominated by cyanobacteria in summer, are Fig. 6 . Dynamics of abundance of periphyton assemblages (S -periphyton in separator pipes, K -epilithon, Repiphyton) and phytoplankton (P) registered in Lake Jeziorak Mały from April to October 1997 October -2003 October and 2005 comparable to results from other studies examining eutrophic lakes (periphyton: Bohr, Miotk, 1979; Müller, 2000; Rodusky et al., 2001; Jöbgen et al., 2004; Asaduzzaman et al., 2010; and phytoplankton: Meffert, 1989; Romo, Miracle 1994; Nixdorf, 1994; Kuczyńska-Kippen et al., 2004; Kangro et al., 2005) . Different dynamics of periphyton and phytoplankton assemblages were observed from April to October in 1997-2003 and 2005 in this study. The highest abundance and biomass of periphyton in the separator pipes and epilithon were found in 1997 following the initiation of separators and the accumulation of stones in the littoral zone. This was related to the rapid habitation of these substrata by periphyton with the accompanying highest average precipitation. These periphyton assemblages exhibited both the highest abundance and highest biomass at this time.
The largest variability was observed for periphyton in pipes where maximum assemblage abundance and biomass were recorded in different months in the studied years (April in 2000, Fig. 7 . Dynamics of biomass of periphyton assemblages (S -periphyton in separator pipes, K -epilithon, Repiphyton) and phytoplankton (P) registered in Lake Jeziorak Mały from April to October 1997 October -2003 October and 2005 May in , June in 2003 , July in 1998 , 2000 August in 2002 , September in 1997 and October in 1999 . This phenomenon is most likely related to the greatest variability in environmental conditions at the separators caused by polluted storm-water inflows, which of course in this case was the result of increased precipitation (Zębek, 2014) . The effects included high nutrient concentrations of PO 4 , N tot and chlorides following the winter season. Epilithon attained maximum abundance in the autumn seasons of September 1997 and October 1998 , 1999 , 2000 , and maximum biomass in the spring seasons of April 2001 , 2002 and May 2003 . High nutrient concentrations were recorded at the sites with stones during these periods, and this may have favoured epilithon development (Fig. 1) . In addition, the maximum abundance and biomass of epiphyton and phytoplankton were also registered in these identical periods. However, the largest variabilities for epiphyton were recorded in April 2000 , May 2001 , June 1999 and 2002 , July 1998 , September 2003 , and October in 1997 These exceeded the variabilities for phytoplankton registered in June 1999 and 2002 , in July 1997 , 2000 and in August 2003 . Similar orthophosphate and electrolytic conductivity dynamics were recorded at sites with macrophytes, and since these dynamics also occurred in the pelagial, they most likely also affected the assemblages there (Fig. 1) .
Finally, the enormous diversity in quantitative and qualitative data for periphyton in the separator pipes, epilithon, epiphyton and phytoplankton in Lake Jeziorak Mały in 1997-2003 and 2005 , and especially in vegetative season months, highlights the great sensitivity of the studied prokaryotic and eukaryotic organisms. This sensitivity is considered to be closely related to the mean monthly precipitation, and this clearly demonstrates that the assemblages inhabiting separator pipes and stones have quite different succession rates to those of planktonic algae.
